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Processes of heavy quark production at HERA, TEVATRON and THERA energies 
are considered using the semihard (kj< factorization) QCD approach with emphasis 
on the BFKL dynamics of gluon distributions. 



The experimental results on bb— pair production cross sections obtained 
by the HI and ZEUS-Collaborations at HERAtl and DO and CDF Collabora- 
tions at TEVATRONIa provide a strong impetus for further theoretical studies. 
Comparisons of these results with NLO pQCD calculations show that they 
underestimate the cross sections at HERA and TEVATRON energies. There- 
fore, it looks certainly reasonable to try a different approach. 

In this work we focus on the description of bb— pair cross sections at 
HERA and TEY-ATRON in the so called semihard (k T factorization) QCD 
approach (SHA)ltq, which we have applied earlier to open charmEl and J/\& 
photoproduction at HERA (see in ref.ET). We alscudiscuss the sensitivity of our 
theoretical resultsO to the BFKL type dynamical! which may be investigated 
in the photoproduction of D* and J/^> mesons at THERA energies. 

In SHA, the unintegrated gluon distribution (pc{x, k 2 -,) is connected with 
the conventional gluon density xG(x, Q 2 ) by the following relation 

Q 2 

xG(x,Q 2 ) =xG{x,Ql)+ { dk 2 TVG {x,k 2 T ), (1) 

JQI 

where Qq is the collinear cutoff parameter. We used the results of ref.i for the 
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Figure 1. The cross sections of bb production ct(pt > p™") at HERA (left panel) and 
TEVATRON (right panel): curves 1, 2, 3, 4 and 5 correspond to the MT, GRV, RS, LRSS 
and BFKL paramctrizations of gluon distribition. 



off mass shell parton cross sections, and we used severaLdifferent parameteri- 
zations fox thejmintegrated gluon distribution (see ref.u for details), namely: 
the LRSS0, RSS and the so called BFKLL3 parameterizations. We used the fol- 
lowing set of SHA parameters: Ql =4, 2 and 1 GeV 2 in (1) for the RS, LRSS 
and BFKL parameterizations; in the case of the BFKL parameterization the 
parameter A = 0.35u; everywhere the charm and beauty quark masses are 
m c =1.5 GeV and m b =4.75 GeV. 

The results of our calculations for the total cross section of inelastic bb 
photoproduction at HERA as compared to HlEl data are published in the pa- 



Figure 2. The differential cross section da/dx 1 (nb) for Q 2 < 1 GeV 2 with BFKL (left 
panel) and CCFM (right panel) unintegrated gluon distributions at THERA. 
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Figure 3. The fraction of J/^P mesons in helicity zero state (degree of spin alignment). 



per by Lipatov, Saleev, ZotovEI. We have shown there that the HI data are well 
described by the LRSS parametrization and by the the BFKL parametrization 
but only with as small mi, as mj, =4.25 GeV in the latter case. In Fig. la we 
show our results for the total cross section of inelastic bb photoproduction at 
HERA compared to ZEUS datali We see that only the LRSS parametrization 
describes the ZEUS data (at to& =4.75 GfiV). In contrast with this, the cross 
section for bb production at TEVATRONH is described by the BFKL and RS 
parametrizations very well (Fig. lb). The LRSS parametrization (at the same 
valuesa of parameters and normalization) overshoots the DO (and CDF) data. 

In the refJMJ the calculations of the associated charm and dijet prodrpj 
tion cross section have been made within the SHA with BFKL and CCFMli 
unintegrated gluon distributions at HERA energies. The attention was fo- 
cused there on the variable x 7 , which is the fraction of the photon momentum 
contributed to a pair of jets with largest px- The results of the similar calcu- 
lations made for THERA conditions are shown in Fig. 2 as a futher test of 
the underlying dynamics. The existence of the wide plateau at x 1 < 0.9 seen 
in the fugure comes from the noncollinear gluon evolution, which generates 
gluons with non-negligeable transverse momentum. In a significant fraction 
of events the gluon emitted close to the quark box appears to be even harder 
than one or even both of the quarks produced in hard interaction. 

The effects of initial gluon off-shellness may be, best of all, seen in the 
transverse momentum spectra of J /\& mesonsLL3. In contrast with the con- 
ventional (massless) parton model, the SHA shows that the fraction of «//*& 
mesons in the helicity zero state increases with their transverse momentum 
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Pt- A deviation from the parton model behaviour becomes well pronounced 
already from px > 3 GeV at HERA energies^, and at pr > 6 GeV the he- 
licity zero polarization tends to be dominant. The same effect is seen in Fig. 
3, where we show the results of the calculationsB of the ratio o~h=o/o~ for J/\& 
photoproduction at THERA conditions made with the BFKL unintegrated 
gluon distribution. 

The examples considered in this paper demonstrate the effects of the 
BFKL gluon evolution on the important and experimentally measurable quan- 
tities, such as the event topology or vector meson spin alignement. At present, 
the theoretical predictions made for HERA and TEVATRON conditions have 
found their experimental confirmation. A further investigation of the relevant 
effects at THERA collider can put our understanding of the hadron structure 
on even more solid grounds. 
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supported by the Royal Swedish Academy of Sciences. 



References 

1. ZEUS Collab., J. Breitweg et al, Eur. Phys. J. C 18, 625 (2001). 
HI Collab., C. Adlof et al, Phys. Lett. B 467, 156 (1999). 

2. DO Collab., B. Abbott et al, Phys. Lett. B 487, 264 (2000). 
CDF Collab., F. Abe et al, Phys. Rev. Lett. 71, 2396 (1993). 

3. L.V. Gribov, E.M. Levin, M.G. Ryskin, Phys. Rep. 100, 1 (1983). 
E.M. Levin, M.G. Ryskin, Yu.M. Shabelski, A.G. Shuvaev, Sov. J. Nucl. 
Phys. 53, 657 (1991). 

4. S. Catani, M. Ciafoloni, F. Hautmann, Nucl. Phys. B 366, 135 (1991). 
J.C. Collins and R.K. Ellis, Nucl. Phys. B 360, 3 (1991). 

5. V.A. Saleev, N.P. Zotov N.P., Mod. Phys. Lett. A 11, 25 (1996); S.P. 
Baranov, N.P. Zotov, Phys. Lett. B 458, 389 (1999); A.V. Lipatov, V.A. 
Saleev, N.P. Zotov N.P., Mod. Phys. Lett. A 15, 25 (2000). 



6. S.P. Baranov, N.P. Zotov, hcp-ph/010313S 



7. E. Kuraev, L. Lipatov, V. Fadin, Sov. Phys. JETP 44, 443 (1976); ibid. 
45, 199 (1977); Y. Balitskii, L. Lipatov, Sov. J. Nucl. Phys. 28, 822 
(1978). 

8. A.G. Ryskin, Yu.M. Shabelski, Z. Phys. C 66 151 (1995). 

9. J. Blumlein, Preprint DESY 95-121. 

10. S.P. Baranov, N.P. Zotov Phys. Lett. B 491, 111 (2000). 

11. H. Jung, in Proc. Workshop on MC Generators, DESY, 1999, p. 75. 

12. S.P. Baranov, Phys. Lett. B 428, 377 (1998). 



ws-p8: submitted to World Scientific on February 1, 2008 4 



